of events that occur soon after DSB formation and that transcription was controlled by a galactose-inducible promoter, allowing rapid and high-level induction [13] . therefore must be considered part of the initial response. The first type, observed to date only in mammals, in-HO-catalyzed DSBs at MAT are normally repaired by gene conversion from the silent HML and HMR loci volves ATM, which undergoes autophosphorylation and a dimer-to-monomer transition within minutes of damabout 1 hr after formation [13, 14] . The strains we used contained deletions of both silent loci and thus preage formation, but which does not appear to remain at DNA damage sites [33] . The second type, seen in both cluded break repair by recombination. Consequently, the events examined here are expected to reflect the yeast and mammals, involves movement of the Mre11 complex and other checkpoint and repair proteins into initial DSB response and not events occurring during subsequent break repair. foci soon after DNA damage [8, 9, 12, 19, 34-37]. The third type, seen in many organisms, involves the in situ DSB ends undergo 5Ј-to-3Ј resection, exposing single-stranded regions ending 3Ј at the DSB break. We modification of both histone and non-histone chromatin proteins [38] [39] [40] . The most dramatic of these is the phosused denaturing gels [14] to monitor HO-cutting at MAT and the extent of resection ( Figure 1A ). ␥-H2AX formaphorylation of H2AX, a histone H2A isoform that makes up 5%-10% of the histone H2A in mammals but about tion and Mre11p recruitment were measured by chromatin immunoprecipitation (ChIP, see Experimental Proce-95% in yeast [41] . The yeast majority isoform will be called H2AX in this paper. H2AX phosphorylation occurs dures). Relative protein occupancy in a region was measured in quantitative multiplex PCR reactions that at a serine residue in a consensus PI3KK target sequence (SQE) in the C-terminal tail [38] . ␥-H2AX, as the contained a primer pair specific to regions of interest near the DSB. All reactions also contained a control phosphorylated form will be called here, forms within minutes of DSB formation and can cover large (thouprimer pair specific for sequences 66 kb centromereproximal to MAT, which allowed us to control for DSBsands to millions of base pairs) regions of chromatin [ examined strains lacking each of the two central kinases (mec1⌬ and tel1⌬), as well as strains lacking genes The very limited break end resection observed makes it unlikely that this could be responsible for the low ␥-H2AX thought to act downstream of these kinases ( Figure 4B ). In unsynchronized growing cultures, the DSB-specific levels seen in sequences within 2 kb of the DSB because the ChIP patterns observed most likely reflect a substan-␥-H2AX signal was eliminated only in mec1⌬ tel1⌬ dou- . By contrast, we find that a single DSB formed in G1-phase cells provokes whereas a minor fraction appeared to be MEC1 dependent. DSB-specific ␥-H2AX ChIP levels ( Figure 4C) and ␥-H2AX formation at high levels in a manner that is Tel1 and Mre11 dependent. Thus, like ATM, Tel1p can distributions (data not shown) were unaffected in mec1⌬, were reduced 4-fold in tel1⌬, and were reduced efficiently recognize a single DSB and mount a robust initial response. We suggest that observed differences to background in mec1⌬ tel1⌬ mutants. No DSB-specific ChIP signal could be detected in G1-arrested between the yeast and mammalian G1-phase damage response are not due to differences in the initial recognimre11⌬ mutant cells, although the relatively high DSBindependent background in these cells ( Figure 4C and tion and response to DNA damage but rather are due to differences in transduction of the signal to downstream data not shown) precluded determining whether less DSB-specific ␥-H2AX was formed than in tel1⌬ mutants.
factors and/or its subsequent amplification. It is worth noting in this regard that Tel1p promotes an efficient Conversely, G1-phase DSB-specific Mre11 protein binding was Tel1-and Mec1-independent and, in fact, was S-phase checkpoint in rad50S and sae2 mutants [63] and is also reported to promote an S-phase checkpoint substantially greater in tel1⌬ mutants than in wild-type ( Figure 4D ). These data indicate that the Tel1 kinase, response to phleomycin [64] . like its mammalian homolog ATM, can recognize and vigorously respond to DSBs, and this response most 
